Introduction
The gyrotron is a microwave power generator based on cyclotron resonance coupling between microwave f i e l d s and e l e c t r o n s i n vacuum. ( The applied dc magnetic field is s p e c i f i c a l l y r e l a t e d to the frequency of operation by the cyclotron resonance condition w = n w C ' where w is the gyrotron output frequency, i n t e g e r and wc is the cyclotron frequency a n g u l a r v e l o c i t y o f t h e e l e c t r o n g i v e n b y n is an or w 0 -eB ymo.
B is t h e do magnetic field, e is t h e e l e c t r o n charge, no is t h e r e s t mass, and Y is t h e r e l at i v i s t i c mass f a c t o r . The fundamental resonance condition where n = 1 has the strongest interact i o n . Second harmonic operation with n = 2 has a l s o been used with good results.
These developments were performed under subc o n t r a c t t o Oak Ridge National Laboratory, operated by Union Carbide Corporation for the Department o f Energy. This paper describes design and Operation of pulsed and CW o s c i l l a t o r s working a t t h e 200 kW l e v e l a t 28 GHz. The tubes were developed for use a s power sources for electron cyclotron resonance heating in plasma fusion experiments using magnetic confinement,
-
The gyrotrons operating at 28 GHz were designed t o use t h e TE021 c y l i n d r i c a l c a v i t y mode interacting with a hollow electron beam. The beam was formed using the magnetron type of gun common t o most gyrotrons. The 1 1 kG dc magnetic field required for cyclotron resonance was obtained from a solenoid using copper hollow core conductor windings w i t h water cooling, Nominal operating parameter values are summarized in Table 1 To determine the design values a combination o f a n a l y s i s and computer simulation was used. More details of the design procedures are included in earlier publications. (293) The basic elements of the pulsed oscillator are indicated in Figure  1 . The output power is brought out symmetrically on the axis through the beam c o l l e c t o r r e g i o n .
The choice of t h e TE021 c a v i t y mode l e a d s n a t u r a l l y t o power output primarily i n t h e TEO2 c y l i n d r i c a l mode. The output window is a f l a t d i s c o f Be0 m a t e r i a l .
The p u l s e d o s c i l l a t o r is shown in Figure 2 . Hardware is a t t a c h e d t o t h e gun to allow the tube t o be plugged d i r e c t l y i n t o a socket which is operated immersed i n o i l .
Water i n l e t and o u t l e t 304 12.1 c~i 6 i 6 -2 / 8 0~m -0 3 0 4 $00.75 0 1980 IEEE for the tube are at t h e t o p .
The shroud over the c o l l e c t o r r e g i o n e n c l o s e s c o l l e c t o r i n s u l a t o r s , lead x-ray shielding, water manifolds, and a VacIon appendage pump t o monitor tube vacuum. Figure 3 shows the pulsed tube installed in its magnet.
The curves in Figure 4 compare t h e power output of two pulsed oscillators with calculated output as a function of beam current. For these curves operating parameters are optimized at each value of beam current. The numbers given w i t h the d a t a p o i n t s a r e measured values of e f f i c i e n c y , E f f i c i e n c y a s h i g h a s 472 was observed.
O t h e r c h a r a c t e r i s t i c s of the pulsed 28 GHz o s c i l l a t o r are given i n 
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The mode p u r i t y of the gyrotron output is of considerable interest in many a p p l i c a t i o n s . To obtain mode information, a sample gyrotron cavity and output system were excited w i t h a signal generator and t h e f i e l d s i n t h e o u t p u t g u i d e were probed. The r e l a t i v e amounts of power in various TEon modes were determined by using a probe which was moved in t h e a x i a l d i r e c t i o n t o measure t h e beat pattern between modes. The r e s u l t s were a power d i s t r i b u t i o n of 84% TEO2, 10% T E O l , and 6% For t h e c o l l e c t o r , the CW beam must be distributed over a l a r g e area t o avoid excess
heating. Since it is d i f f i c u l t i n p r a c t i c e t o d i s t r i b u t e t h e beam uniformly over a long axial length, this implies increasing the diameter of t h e c o l l e c t o r s u r f a c e .
Two approaches have been explored to accomplish t h i s : The miter bend approach where t h e microwave output is deflected away from t h e beam by a 45' mirror and the axisymmetric output with suitable tapering of diameter of the output guide.
The axisymmetric approach has been t h e most successful. It is sketched in Figure   5 . 
T h i s approach results long tube which is shown in Figure 6 , i n a r a t h e r was 50% a t 200 kW, and 52% a t 170 kW. Output mode content measured using a s i g n a l g e n e r a t o r e x c i t a t i o n o f t h e t u b e s t r u c t u r e indicated 63% TEO2, 27% TEOl and 10s i n o t h e r TEon. Measured results with the actual tube indicated about 1% noncircular electric mode content i n t h e output. A summary of c h a r a c t e r i s t i c s for t h e axisymmetric tube is given in Table   4 12.1
